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a b s t r a c t
In this work, a survey of sea bass, Dicentrarchus labrax, for amoebae and scuticociliatidia
infections was carried out to evaluate their effects on the aquaculture of this ﬁsh species.
The study was conducted in two different ﬁsh farms, one using seawater and the other
brackish water.
Infection with parasitic amoebae was found to be fairly high (prevalence: 43–73%), being
more frequent in sea bass from the brackish water system. Although it was never found
to cause outbreaks of disease or mortality in the surveyed ﬁsh, amoebic gill disease (AGD)
histopathological signs, i.e., hyperplasia, secondary lamellae fusion and cavity formation
(interlamellar vesicles), were observed in ﬁsh manifesting no macroscopic lesions. Fur-
thermore, some evidence was found that amoebae affects the ﬁsh’s general state of health
and growth rate. These results indicate that cautious and detailed surveys to detect this
sort of infection, and thus carefully plan its control, are fully justiﬁed.
Comparedwith amoebic infection, the prevalence of scuticociliatosiswas found to be low
(7–13%). No outbreaks of disease or mortality were ever recorded, even when scuticocilia-
tidia was present in turbot raised in the same water system, leading to serious outbreaks
of disease and mortalities in that species. This suggests that sea bass is far more resistant
than turbot to such infections, and if this is the case, the former ﬁsh may be a good farming
alternative when scuticociliatidia is present.
© 2010 Elsevier B.V. All rights reserved.
1. Introduction
The European sea bass, Dicentrarchus labrax (Linnaeus,
1758), is a popular ﬁsh species in the European aquacul-
ture industry. In fact, the aquaculture production of this
ﬁsh species has been gradually increasing in Europe over
the past 25 years (Haffray et al., 2007). The success of such
an activity is, however, highly dependent on the medium
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and available facilities, and also on the effective control of
parasitic infections, all ofwhich are ofmajor concern to ﬁsh
farmers.
To date, several parasitological surveys recording a
very diverse parasitofauna have been conducted on
sea bass from different marine environments (Giavenni,
1988; González-Lanza et al., 1991; Alvarez-Pellitero and
Sitjà-Bobadilla, 1993; Alvarez-Pellitero et al., 1993; Sitjá-
Bobadilla and Alvarez-Pellitero, 1993; Santos, 1996, 1998;
Caillot et al., 1999; Cˇozˇ-Rakovac et al., 2002; Sterud, 2002;
Candoso, 2004; Fioravanti et al., 2004, 2006). Unfortu-
nately, none of these studies paid any attention to amoebic
infections, and only Sterud (2002) referred the occurrence
of a scuticociliatidia infection in wild sea bass. The for-
0304-4017/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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Table 1
Environmental parameters (salinity, water temperature and pH), sampling dates and ﬁsh data (length, weight, condition factor and age) (mean± standard
deviation) from two ﬁsh farms (farms A and B) during the year.
Farm A Farm B
Winter Spring Summer Autumn Winter Spring Summer Autumn
Environmental parameters
pH 6 6 7 6 7 6 7 6
Temperature (◦C) 11.5 13.0 16.0 16.0 13.0 20.5 18.6 13.0
Salinity (ppm) 32 32 34 38 30 31 37 30
Fish data
Weight (mean± SD) (g) 214.5±36.6 283.1±82.1 271.6±52.6 302.7±83.7 28.4±5.7 31.5±6.1 12.5±2.5 22.7±6.4
Length (mean± SD) (cm) 26.3±1.5 27.9±2.5 28.2±1.8 30.0±2.9 14.2±0.8 14.5±0.8 10.5±0.7 12.3±0.9
Condition factor (mean± SD)
(g/cm3)
0.73±0.06 0.78±0.08 0.75±0.05 0.67±0.08 0.61±0.07 0.64±0.06 0.68±0.09 0.75±0.08
Age 2+ 2+ 3+ 3+ 0+ 0+ 0+ 0+
n 28 30 31 28 30 30 30 30
Sampling date (2004) 25 February 03 May 06 July 26 October 21 March 25 May 22 September 11 November
mer may be responsible for amoebic gill disease (AGD)
(Dragesco et al., 1995; Dyková et al., 2000) and the lat-
ter for scuticociliatosis (Iglesias et al., 2001). These were
also recently considered emergent diseases in other ﬁsh
species (Dyková et al., 1998; Sterud et al., 2000; Nowak et
al., 2002; Paramá et al., 2003, 2006; Alvarez-Pellitero et al.,
2004; Kim et al., 2004; Puig et al., 2007; Rossteuscher et
al., 2008). Indeed, they have been reported as the potential
cause of severe disease outbreaks, which invariably lead to
signiﬁcant losses in ﬁsh farming systems.
The pathology associated with AGD can be easily
detected in gross signs via the identiﬁcation of slightly
raised and white mucous patches on the gills (Adams and
Nowak, 2001). Nevertheless, its aetiology must be con-
ﬁrmed by different observation techniques, namely the
examination of wet mounts, hanging drop preparations,
stained preparations, and mainly histological examination
(Dyková and Novoa, 2001). Through histology, one can
detect the initial phases of infection, which, most of the
times, does not evidence gross signs. According to available
literature (Dyková et al., 1995; Dyková and Novoa, 2001;
Adams and Nowak, 2003, 2004; Adams et al., 2004; Taylor
et al., 2009), AGD starts with necrosis of surface epithelial
cells, due to the attachment of multiplying amoeba. This is
then followedbyhypertrophyandhyperplasia of cells adja-
cent to individual amoeba (leading to fusion of secondary
lamellae), which ends up with oedema and the formation
of cavities, also called interlamellar vesicles.
Although AGD has been mainly attributed to the infec-
tion by Neoparamoeba sp. (Adams and Nowak, 2004), other
epizootic gill amoebae were also reported as agents of this
ﬁsh disease (Dyková et al., 1999). Furthermore, accom-
panying the primary agent of AGD, histophagous ciliates,
namely, Scuticocilates, were also found proﬁting from the
AGD lesions (Dyková and Novoa, 2001).
Themaingoal of this studywas to survey thosepotential
agents in ﬁsh farms where it was expected to ﬁnd infected
sea bass. For achieving a wider application of the conclu-
sions, two different ﬁsh farms were selected, one using salt
water and the other brackish water. In one of the farms
it was a priori known that sea bass were exposed to scu-
ticociliatosis (since it had already been detected in turbot,
Scophthalmusmaximus L. (Ramoset al., 2006)). According to
a previous parasitological survey (Candoso, 2003, personal
communication), it was also suspected that amoeba was
present in sea bass of the other ﬁsh farm. In addition, we
intended to identify the seasons in which serious disease
problems could occur, and to evaluate the effects of both
of these parasitosis on the condition factor of European sea
bass.
2. Materials and methods
To guarantee the detection of any possible infection
in sea bass, and also to identify any potential seasonal
behaviour, a parasitological survey for amoeba and scu-
ticociliatidia was undertaken in 237 European sea bass, D.
labrax, collected during one year – between the winter and
autumn of 2004 – from two Portuguese ﬁsh farms. Further-
more, to enable a comparative study of sea bass condition
factorwith respect to the level of exposure to infection, two
different ﬁsh farms were selected. One is an intensive ﬁsh
farm using salt water, herein named farm A. It was known
to have scuticociliatosis problems, as these had been previ-
ously detected in turbot (Ramos et al., 2006). The other is a
semi-intensive ﬁsh farm using brackish water – identiﬁed
as farm B – that was free of this scuticociliatosis problem,
but was suspected of harbouring amoeba. Both ﬁsh farms
were equipped with concrete tanks for keeping the ﬁsh,
which were fed on a commercial ﬁsh diet. The water sys-
temof farmA is such that thewater ﬁlling the sea bass tank
comes directly from the contaminated turbot tanks.
Samples of about 30 ﬁsh were collected seasonally at
each of the studied ﬁsh farms. In addition, since occur-
rence of parasites is known to vary with the environmental
conditions, a sample of water was also collected from the
concrete tanks on the collecting date. The environmental
parameters of the water were selected according to their
expected inﬂuence on the study: (1) pH; (2) temperature
(◦C); and (3) salinity (ppm) (Table 1).
When examined for parasites, all of the ﬁsh were also
weighed, measured, aged and their condition factor deter-
mined (the latter is deﬁned, according to Bagenal (1978),
as the ratio between ﬁsh weight ‘W’ (in g) and the cube of
ﬁsh length ‘L3’ (in cm3) multiplied by the constant value of
62.43) (Table 1).
All 117ﬁsh collected at farmAbelonged to the sameﬁsh
stock (originated from an intensive aquaculture site in the
Author's personal copy
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Fig. 1. Amoeba (A) and scuticociliatidia (B) from sea bass (D. labrax L.) gills.
South of France) and had already been in the ﬁsh farm for
two years. The 120 ﬁsh from farm B belonged to two differ-
ent stocks. The ﬁrst two collected samples, i.e., winter and
spring, belonged to theﬁrst stock,whilst the remaining two
samples, i.e., summer and autumn, belonged to the second
stock. When we took the ﬁrst sample of both stocks, the
ﬁsh had just arrived at the farm a few days before, coming
from an intensive aquaculture site in Southern Portugal.
The parasitological survey of scuticociliatidia and
amoeba was initially carried out macroscopically, and then
using a compound microscope. The following organs were
considered for analysis: (1) gills; (2) muscle; (3) poste-
rior intestine; and (4) brain. They were chosen as they
are main tissues infected by amoebae (1) (Dragesco et al.,
1995; Dyková et al., 2000) and scuticociliatidia (2, 3, 4)
(Iglesias et al., 2001). When the gills were fresh, a small
portion was excised and centrifuged in water at 800 rpm.
Subsequently, a drop of the pelletwas kept in humid condi-
tions for 30min and observed on hanging drop slides. This
procedure was intended to concentrate any amoebae that
might be present. The protozoans recovered were identi-
ﬁed according to Lee et al. (2000).
Histological samples of brain, gills, muscle and the
posterior intestine were washed and ﬁxed in Davidson’s
saline solution,whichwere later replacedwith 70%ethanol
for storage. However, histological examination was only
carried out when fresh analyses detected high parasite
intensities (i.e.,more than10 individualsper10microscope
ﬁelds at 400× magniﬁcation).
In assessing infection levels, prevalence was deter-
mined, according to Bush et al. (1997), for each season
of the year (seasonal prevalence) and for each farm (total
prevalence).
To detect any possible relation between parasites and
host, even in the presence of only a silent infection, a com-
parison of host condition factor, ﬁsh length and ﬁsh weight
was performed between the infected and uninfected ﬁsh
for each parasitosis, in each sample (season) and in each
farm. The comparison was conducted using a Student’s t-
test or, alternatively, a Mann–Whitney U-test when the
parametric requisites were not met, both with p<0.05. The
software used for this statistical analysis was SPSS 16.0
(SPSS Inc, 2007).
3. Results
With respect to recorded environmental parameters,
i.e., water pH, temperature and salinity, some differences
were noted between the sampled farms (Table 1). On most
instances, the water of farm A presented higher salinities
(32–38ppm) and lower temperatures (11.5–16 ◦C) than
those of farm B. The pH remained fairly constant (at about
7) throughout theentire year forboth sampled farms. These
results were expected given the nature of the water sup-
plies of the studied ﬁsh farms (salt and brackish water,
respectively).
No disease outbreaks or mortality were noticed in sea
bass in any season of the year, or in any of the farms.
Macroscopic analysis of the ﬁsh gills, muscle, posterior
intestine and brain, did not reveal any kind of abnormality
or other symptoms indicative of serious parasitic infection.
However, at the microscopic level, parasites were found
infecting the gills: Amoeba (Rhizopoda von Siebold, 1845)
and Scuticociliatidia Small, 1967 (Fig. 1 (A and B)).
As shown in Fig. 2, amoebae were common parasites
with a recorded total prevalence greater than 43%. Scutic-
ociliatidia was comparatively less prevalent, with values
Fig. 2. Total prevalence of amoeba and scuticociliatidia in sea bass (D.
labrax L.) from two ﬁsh farms (farms A and B).
Author's personal copy
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Fig. 3. Temporal variation in prevalence of amoeba and scuticociliatidia
from sea bass (D. labrax L.) from farms A and B.
of total prevalence less than 13%. Comparative analyses of
the recordedparasiteshave shownthatbothparasiteswere
common toboth groups of sampledﬁsh from farmsAandB.
With respect to the ﬁsh sampled at farm A, the main
results for different seasons were as follows (Fig. 3): gill
amoebae were more prevalent in autumn (75%), whereas
during the remaining seasons of the year (particularly win-
ter) comparatively lower prevalence values (17.9–46.7%)
were reported, and scuticociliatidia infectionsweremainly
present in spring (30%).
As far as the ﬁsh of farm B are concerned, the temporal
variations were as follows (Fig. 3): the seasonal prevalence
of gill amoebae exhibitedhigher valuesduring summer and
autumn, with levels always greater than 53%; and the sea-
sonality of scuticociliatidia infections was similar to that
recorded for farm A, with greater prevalence levels found
during the spring (16.7%), and with no records observed
during the ﬁrst season of sampling for either stock of ﬁsh.
This permits us to conclude that the later infection, ﬁrst
noted in the second sample, may have started when the
ﬁsh were already in the farm.
As indicated above, none of the examined ﬁsh exhib-
ited macroscopic lesions, external or internal, resulting
from parasitic infections. However, in farm B, the ﬁsh more
heavily infected with gill amoebae presented typical AGD
histopathological signs, i.e., hyperplasia, secondary lamel-
lae fusion and cavity formation (interlamellar vesicles), as
depicted in Fig. 4. The hyperplasic tissue, in particular the
interlamellar vesicles, were ﬁlled with hypertrophied host
cells and amoeba, as shown in Fig. 4(C). Histological obser-
vations were also conducted for scuticociliatidia infection.
However, no evidence was found of any histopathological
effects of this parasitosis in sea bass.
The analyses of host condition factor in each sam-
ple (i.e., for each season), a measure of ﬁsh ﬁtness,
showed no signiﬁcant differences among infected and
uninfected ﬁsh of the two farms, both for amoeba (M–W U-
test = 42.5–101.5, W=273.5–167.5, with p=0.10–0.73) and
scuticociliatida (M–W U-test = 22.0–61.5, W=373.0–386.5,
with p=0.72–0.96). Therefore, a combined analysis of the
host condition factor of the total sample (i.e., for of each
farm) was conducted.
For farm A, the analyses of host condition factor, with
respect to the amoeba infection, showed mean values (±
standard deviation) of 0.72 (±0.08) and 0.75 (±0.08), for
infected (n=51) and uninfected (n=64) ﬁsh, respectively.
The statistical analysis revealed signiﬁcant differences
between these ﬁsh groups (t-test t=−2.54, with p=0.01).
On what scuticociliatidia infection is concerned, the host
condition factor mean values (± standard deviation) were
0.74 (±0.07) and 0.73 (±0.08), for infected (n=15) and
uninfected (n=100) ﬁsh, exhibiting no statistically signiﬁ-
cant differences (t-test t=0.80, with p=0.76).
For farm B, host condition factor did not meet all of the
parametric requisites. So, aMann–WhitneyU-testhad tobe
used instead of the t-test. Regarding the amoeba infection,
the mean values (range) of ﬁsh condition factor were 0.68
(0.54–0.93) and 0.61 (0.51–0.78), for the infected (n=88)
and uninfected (n=32) ﬁsh, respectively. Although, the
host condition factormeanvalueof infectedﬁshwashigher
than the one of the uninfected, these values were consid-
ered signiﬁcantly different (M–W U-test = 649, W=1177,
with p=0.00).
In order to correctly interpret this unexpected result,we
also compared the absolute values of ﬁsh length andweight
for infected versus uninfected ﬁsh. We recorded a mean
value of 12.6 (±1.9) cm and 13.6 (±1.5) cm for the length of
infected and uninfected ﬁsh, respectively, which showed
signiﬁcant differences (t-test t=2.83, with p=0.01). Never-
theless, theweightmeanvalueswere23.2 (±9.5) g and25.3
(±7.4) g, respectively, which did not show any statistically
signiﬁcant differences (t-test t=1.01, with p=0.21). These
data suggest that ﬁsh development, measured by length,
is, indeed, affected by the infection. However, since the
condition factor is linearly dependent on the weight and
inversely proportional to the cube of the length, being thus
highly sensitive to ﬁsh length variations, even the small-
est decrements of length growth in young ﬁsh may cause
abnormal increments of host condition factors.
Still evaluating ﬁsh condition factor from farm B, but
now with respect to scuticociliatidia infection (and con-
sidering only the second sample of both stocks, because
no infection was recorded in the ﬁrst sample), the mean
values (range) of ﬁsh condition factor in infected (n=8) ver-
sus uninfected ﬁsh (n=52) were 0.67 (0.54–0.77) and 0.69
(0.54–0.92), respectively. These do not reveal any statis-
tically signiﬁcant differences (M–W U-test = 164, W=200,
with p=0.35).
4. Discussion and conclusions
The ﬁrst worth noting result is that branchial amoebae
and scuticociliatidia were studied for the ﬁrst time from
sea bass in Portuguese waters. Moreover, prevalence levels
Author's personal copy
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Fig. 4. Gills histology of sea bass (D. labrax L.) with pathological signs of amoebic gill disease infection. (A) Hyperplasia, secondary lamellae fusion and
interlamellar vesicles. (B) A magniﬁcation of a large interlamellar vesicle (identiﬁed in A). (C) A further magniﬁcation of the infected tissue (identiﬁed in B)
where hypertrophied host cells and amoebae (arrows) are visible.
were found to be high for amoebae and low for scuticocil-
iatidia, regarding both their seasonal and total values.
Gill amoebae are regarded as euryhaline organisms,
with water temperature being more important than salin-
ity in determining the occurrence of disease outbreaks
(Paniagua et al., 1998). However, freshwater baths are con-
sidered as an important way of combating such parasitosis
(Munday et al., 2001). In the present work, prevalence
levels for gill amoebae were found to be higher for ﬁsh
from brackish water than from seawater. Such a situation
might suggest that, in brackish water, temperature is more
favourable for amoebal development and survival, and that
the salinity levelwasnever sufﬁciently low to eliminate the
parasite. Furthermore, AGD histopathology was observed
(with occurrence of amoeba in infected tissues), even in
cases where no macroscopic lesions were detected. How-
ever, this infection did affect host condition factor in farm
A and was recorded as delaying ﬁsh growth in farm B. In
conclusion, despite no disease outbreaks or mortality were
reported, the observed histopathology signs that impacted
the host condition factor or the growth rate, constitute a
signiﬁcant issue for the ﬁsh farm owners, which advise the
implementation of measures for controlling this infection.
In this respect, we suggest that a freshwater bath may be
considered as a recommended routine treatment to avoid
this infection.
Scuticociliatidia outbreaks leading to death were
reported for turbot (Scophthalmusmaximus L.) stocks raised
on farm A during the period of this study (Ramos et
al., 2006). Although such outbreaks in turbot have been
recorded during all seasons of the year, higher infection
levels were found on May, July and August, i.e., at the end
of the spring and summer seasons. As veriﬁed for the sea
bass examined in this study, thepeak theprevalence of scu-
Author's personal copy
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ticociliatidia also occurred during the spring. It is therefore
reasonable to believe that, considering the source of the
runningwater, i.e., fromthecontaminated turbot tanks into
the sea bass tanks, turbot stocks may have acted as some
kind of ‘contamination source’ to the sea bass. Conversely,
during summer, sea bass infection with scuticociliatidia in
farm A was found to be very low. This was unexpected,
since the outbreaks in turbot were still continuing. This
seems to be a result of the higher level of immunocompe-
tence of the sea bass to this infection, probably determined
by the higherwater temperatures recorded for that season.
For this infection, host condition factor was not signiﬁ-
cantly affected by the presence of the parasite. In fact, it
is suggested that sea bass is far more resistant to the pres-
ence of this parasite, at least in comparison with turbot.
Due to the serious problems caused by scuticociliatidia,
the exploitation of a more resistant ﬁsh might be neces-
sary, and sea bass may be a good candidate for this role.
Nevertheless, further experiments, with controlled envi-
ronmental conditions, must be performed to conﬁrm this
important issue.
As a ﬁnal conclusion, we can say that both amoebae and
scuticociliatidia infections are present, and maybe more
widely distributed thanwhat has been reported in sea bass,
even if disease outbreaks are absent and thus the infections
can be virtually unnoticed. Moreover, special care should
be taken with the amoeba infection, since its presence
may cause serious pathology. On the other hand, all sea
bass seamed to be particularly resistant to scuticociliatidia
infections.
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